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(54) [Title of the Invention] A Fluorescent Endoscopic Device 

(57) [Abstract] 

[Problem] In fluorescent endoscopic devices that determine 

autofluorescent images that are produced from body tissues due to irradiation 

with excited light, an LD element is used as the source of excited light, a 

sufficient intensity of excited light is obtained, reliability is improved and 

prolonging of service life is achieved by preventing breakdown by static 

electricity, and, in addition, ease of maintenance is improved by facilitating 

replacement operations. 

[Means of Solution] The excited light source unit 20 is provided with 

several LD modules that have LD elements, a Peltier element for the purpose of 

cooling the static electricity protection circuit that protects the LD elements form 

static electricity and LD elements are installed in each LD module and each LD 

element can be installed and removed independently. 
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[Claims] 

[Claim 1] A fluorescent endoscopic device, which is a fluorescent 
endoscopic device that is equipped with an excited-light emission device, an 
excited light irradiation device that irradiates the aforementioned excited light to a 
specific place [tissue] as guided light and a fluorescent light detection device that 
detects fluorescent images due to fluorescence that is generated from the 
aforementioned specific place [tissue] by irradiation with the aforementioned 
radiated light, characterized in that the aforementioned excited-light emission 
device is equipped with a several LD elements. 

[Claim 2] The fluorescent endoscopic device as described in claim 1, 
further characterized in that the aforementioned excited-light emission device is 
equipped with a static electricity protection circuit that protects the 
aforementioned several LD elements from static electricity. 

[Claim 3] The fluorescent endoscopic device as described in claim 1 or 2, 
further characterized in that the aforementioned excited-light emission device is 
equipped with a cooling device that cools the aforementioned several LD 
elements. 

[Claim 4] The fluorescent endoscopic device as described in any one 
claim of claims 1 to 3, further characterized in that the aforementioned excited- 
light emission device is equipped with several LD modules that have the 
aforementioned LD elements, the aforementioned static electricity protection 
circuits and at least one aforementioned cooling device that are installed in said 
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LD element and in that said LD modules can be installed and removed 
independently. 

[Claim 5] The fluorescent endoscopic device as described in any one 
claim of claims 1 to 4, further characterized in that the aforementioned LD 
element is a GaN system LD element and in that the wavelength region of the 
aforementioned excited light is in the range from 400 nm to 420 nm. 

[Detailed Description of the Invention] 
[0001] 

[Technological field of the Invention] This invention relates to a fluorescent 
endoscopic device for determining fluorescence that is generated from body 
tissues due to irradiation by excited light, and, in particular, to a light source of 
this excited light. 

[0002] 

[Prior art] A technology has been proposed conventionally in which 
localization of diseased tissue and the degree of infiltration are displayed as 
fluorescent images by making use of the fact that the intensity of the fluorescent 
light generated by normal tissues and diseased tissues is different when excited 
light that is in the long-wavelength region of the excited light of intrinsic body 
pigments has irradiated body tissues, by irradiating body tissues with excited light 
of a specified wavelength region and by collecting the fluorescence that intrinsic 
body pigments have generated. 
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[0003] Ordinarily, when excited light is irradiated, intense fluorescence is 
generated from normal tissues as shown by the solid line in Figure 7, whereas 
weak fluorescence is generated from diseased tissues, as shown by the broken 
line. For this reason, a judgment can be made as to whether a body tissue is 
normal or in a diseased state by determining the intensity of fluorescence. 

[0004] When the intensity of fluorescence due to excited light is displayed, 
the intensity of the excited light irradiated in body tissues is not uniform because 
there are irregularities in body tissues. In addition, the fluorescence intensity that 
is generated from body tissues is essentially proportional to the illuminance of the 
excited light. However, the illuminance of excited light decreases in inverse 
proportion to the square of the distance. For this reason, there are cases in 
which a more intense fluorescence is collected from diseased tissues that are 
close to the light source than from normal tissues that are distant from it so that 
the state of a tissue cannot be accurately differentiated solely on the basis of 
information on the intensity of fluorescence due to excited light. In order to 
decrease problems of this kind, the inventors proposed a method in which the 
two types of fluorescence intensity obtained from the different wavelength 
regions are found by a division calculation and the operational image is displayed 
on the basis of the division calculation value, that is, an image display method 
based on the differences in the shape of the fluorescence spectrum, which 
reflects the state of the body tissue, and a method in which various body tissues 
are irradiated using near infrared fluorescence that receives uniform absorption 
as the reference light, the intensity of the reflected light that is reflected by the 
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body tissue that has received the irradiation by the reference light is detected, the 
ratio of the fluorescence intensities is found by the division calculation and an 
operational image is displayed on the basis of the division calculation value, that 
is, a method in which the value that reflects the fluorescence yield is found and 
an image is displayed. 

[0005] However, in fluorescence endoscopic devices based on the 
technologies described above, the fluorescence intensity that is generated from 
body tissues by the irradiation of excited light is weak. For this reason, there is a 
desire for the intensity of the excited light to be as high as possible within the 
range of safety standards for the purpose of accurate differentiation of tissue 
states of body tissues. It is necessary that the intensity of the excited light be 
greater than several tens of mW at the tip of the endoscope in the fluorescence 
endoscopic device. Because the intensity of the excited light is attenuated 
because of the optical system, it is necessary that the excited light that is output 
from the excited light source be further increased. It is suitable for the 
wavelengths of the excited light to be 400 nm to 420 nm and excited light of 
these wavelengths can be emitted efficiently. Further, when the matter is 
considered from the standpoint of making the devices smaller, the use of LD 
elements as excited light sources is desirable. 
[0006] 

[Problems the invention is intended to solve] However, when LD elements 
are used as excited light sources, it is extremely difficult to acquire high-output 
LD elements that can generate wavelengths of 400 nm to 420 nm at a sufficient 
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intensity as described above. Further, LD elements are extremely weak in the 
presence of static electricity and there are instances in which they are destroyed 
and in which their service lives are shortened by static electricity. Thus, LD 
elements with prolonged service lives not only when they are affected by static 
electricity but also when they undergo gradual deterioration due to emitting 
light— service lives that are as long as possible-are desirable. Because LD 
elements such as those described above have service lives that are easily 
terminated by static electricity, replacement operations are necessary. However, 
these replacement operations do not involve solely replacing LD elements. It is 
also necessary to align the optical system for the purpose of guiding the laser 
light in the light guide of the endoscope with good efficiency. For this reason, 
much time is involved and the replacement operation is not simple. 

[0007] This invention, which was developed in the light of the problems 
described above, has the objective of providing a fluorescent endoscopic device 
in which fluorescent endoscopic device an LD element is used as the excited 
light source, whereby a sufficient intensity of the excited light can be obtained, 
whereby an increase in reliability and prolonging of service life can be achieved 
by preventing breakdown due to static electricity and whereby ease of 
maintenance can be increased by facilitating replacement operations. 
[0008] 

[Means for solving the problems] The fluorescent endoscopic device of 
this invention is a fluorescent endoscopic device that is equipped with an excited- 
light emission device, an excited-light irradiation device that irradiates the 
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aforementioned excited light to a specific place [tissue] as guided light and a 
fluorescent light detection device that detects fluorescent images due to the 
fluorescence that is generated from the aforementioned specific tissue by the 
irradiation of the aforementioned radiated light and is characterized in that the 
aforementioned excited-light emission device is equipped with several LD 
elements. 

[0009] Here, the aforementioned term "LD element" signifies an element 
having a laser diode. 

[0010] Further, the excited-light emission device can also be equipped 
with a static electricity protection circuit that protects the several LD elements 
from static electricity. 

[001 1] There are no particular problems about the form of the 
aforementioned "static electricity protection circuit" as long as it can protect 
several LD elements from static electricity. 

[0012] Further, the excited-light emission device can be equipped with a 
cooling device that cools the several LD elements. 

[0013] Further, the excited-light emission device can be equipped with 
several LD modules that have LD elements, static electricity protection circuits 
and at least one cooling device that are installed in the LD element and the LD 
modules can be installed and removed independently. 

[0014] Here, it is desirable that one static electricity protection circuit and 
at least one cooling device per LD element be installed in the aforementioned 
"LD module." However, it is not always necessary that the number of LD 



elements is 1 and several may be installed so that ease of maintenance can be 
improved. 

[0015] Further, the aforementioned expression "can be installed and 
removed independently" signifies that the LD modules can easily and 
independently be removed from the apparatus so that maintenance of each LD 
module is facilitated. 

[0016] Further, GaN system LD elements can be used as the LD elements 
and the wavelength region of the excited light can be in the range from 400 nm to 
420 nm. 

[0017] 

[Effect of the invention] By means of the fluorescent endoscopic device of 
this invention, the excited-light emission device is equipped with several LD 
elements so that a sufficient intensity of excited light can be obtained to 
accurately differentiate the states of body tissues. 

[0018] When the excited-light emission device is equipped with a static 
electricity protection circuit that protects several LD elements from static 
electricity, breakdown of the several LD elements by static electricity can be 
prevented and reliability can be increased. 

[0019] When the excited-light emission device is equipped with a cooling 
device that cools the several LD elements, deterioration of these several LD 
elements can be inhibited by cooling them, with the result that their service lives 
can be prolonged. 



[0020] Further, when the excited-light emission device is equipped with 
several LD modules that have LD elements, static electricity protection circuits 
that are installed in the LD elements and at least one cooling device and it is 
possible to install and remove these LD modules independently, replacement 
operations of LD modules can be performed for the module unit with the result 
that the operations are simple and that ease of maintenance can be improved. 

[0021] When GaN system LD elements are used as the LD elements and 
the wavelength zone of the excited light is set within the range from 400 nm to 
420 nm, fluorescence can be generated with good efficiency. 

[0022] 

[Embodiment of the invention] We shall now describe specific 
embodiments of this invention using figures. Figure 1 is a figure that shows the 
schematic structure of one embodiment of a fluorescent endoscopic device 
based on this invention. 

[0023] The fluorescent endoscopic device based on this embodiment is 
comprised of the endoscope insertion part 100 that is inserted into a site in the 
patient where a lesion is suspected, the image-signal processing part 1 that 
processes and outputs information obtained from body tissues as image signals 
and the monitor unit 700 that displays the signals that have been processed by 
the image signal processing part 1 as visible images. 

[0024] The endoscope insertion part 100 is equipped with the light guide 
101 that extends to the tip in the interior, the CCD cable 102 and the image fiber 
103. The illuminating lens 104 and the objective lens 105 are provided at the tip 



part of the light guide 101 and the CCD cable 102, that is, at the tip part of 
endoscope insertion part 100. The image fiber 103 is a quartz glass fiber, the tip 
of which is equipped with the condensing lens 106. The ordinary image pickup 
element 107 is connected to the tip of the CCD cable 102 and the reflecting 
prism 108 is attached to the ordinary image pickup element 107 for images. The 
light guide 101 is comprised of the excited-light light guide 101a and the white- 
light light guide 101b and is connected to the illumination unit 110. The tip of the 
CCD cable 102 is connected to the ordinary image-signal processing unit 500 
and one end of the image fiber 103 is connected to the fluorescent image pickup 
unit 300. 

[0025] The image-signal processing part 1 is comprised of the illumination 
unit 110, which is equipped with light sources that emit white light Lw, excited 
light Lr and reference light Lr, the fluorescent image pickup unit 300 that picks up 
the autofluorescence image Zj, which has been produced from the body tissue 5 
by irradiation with the excited light Lr, and the reflected image Zs which has been 
reflected from the body tissue 5 by irradiation with the reference light Ls, that 
converts these to digital values and that outputs them as two-dimensional image 
data, the image operating unit 400 that performs operations such as distance 
correction from the two-dimensional image data of the autofluorescence image 
that has been output from the fluorescent image pickup unit 300, that assigns 
colors to the operating values and that synthesizes and outputs two image 
reports, the ordinary image-signal processing unit 500 that converts the ordinary 
image Zw that has been picked up by the image pickup element 107 for ordinary 
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images that is installed at the tip of the endoscope insertion part 100 to digital 
data and outputs it as two-dimensional image data, the display-signal processing 
unit 600 that converts the two-dimensional image data of the ordinary images 
that have been output from the ordinary image pickup unit 500 and the output 
signals of image operating unit 400 to video signals and the control computer 200 
that executes control of each unit. 

[0026] The illumination unit 1 10 is equipped with the excited-light source 
unit 20, which is provided with several LD modules that have LD elements that 
generate excited-light Lr, the LD power source unit 10, which is connected 
electrically to the excited-light source unit 20, the white-light source unit 1 12, 
which generates white light Lw, the power source unit 1 1 1 for the white light 
source that is connected electrically to the white-light source unit 112, the 
reference light source 30, which generates reference light for reflected images, 
and the power source unit 40 for the reference light source that is connected 
electrically to the reference light source unit 30. 

[0027] Figure 2 shows the block structure of the interior parts of the 
excited-light source unit 20 and the LD power source unit 10. The LD power 
source unit 10 is equipped with the LD driver circuits 11,13 and 15 and the 
temperature control circuits 12, 14 and 16 that are installed in the several LD 
modules 70 that are to be discussed subsequently. The excited-light source unit 
20 is equipped with several LD modules 70 that have LD elements and is further 
equipped with the optical fibers 24 and the first condensing lens 25 that 
condenses the excited light Lr that is generated from each LD module, the 



condensing lens 27 for reference light that condenses the reference light Ls that 
is generated from the reference-light source unit 30, the dichroic mirror 26 that 
reflects the excited light that has been condensed by the first condensing lens 25 
in the perpendicular direction and that transmits the reference light Ls that has 
been condensed by the condensing lens 27 for reference light and the second 
condensing lens 28 that condenses the excited light Lr that has been reflected by 
dichroic mirror 26 or the reference light Ls that has been transmitted by the 
dichroic mirror 26 and that introduces the light into the excited-light light guide 
101a to be discussed subsequently. 

[0028] The LD driver circuits 1 1, 13 and 15 are drive circuits and have 
power sources for driving the LD modules 70. In addition, the temperature 
control circuits 12, 14 and 16 control the temperatures of the LD elements 85 by 
controlling the Peltier elements 88 to be discussed subsequently that are 
installed in the LD on the basis of temperatures that are detected by the 
temperature detectors 87 to be discussed subsequently that are installed in the 
interiors of LD modules 70. 

[0029] Figure 3 is a schematic diagram of the structure of the excited-light 
source unit 20 of the fluorescent endoscopic device to which the block structure 
shown in Figure 2 is applied. As shown in Figure 3, two excited-light light guides 
101a are connected to the main body 50 of the excited-light source unit 20, the 
first and second condensing lenses 25 and 28, the dichroic mirrors 26 and the 
condensing lenses 27 for reference light are installed for the respective excited- 
light light guides 101a and the excited light Lr that has been emitted from the 5 



LD modules 70 is guided by the optical fibers 24 and introduced into each first 
condensing lens 25. Further, each LD module 70 is connected electrically to the 
LD power source unit 10. Moreover, two fans 60 are installed in the interior of 
the main body 50 for the purpose of cooling the LD modules 70. 

[0030] Figure 4, Figure 5 and Figure 6 show the details of an LD module 
70. Figure 5 is a cross-sectional view along the plane A-A' of Figure 4 and 
Figure 6 is a detailed diagram of the static electricity protection circuit base plate 
89, which is to be discussed subsequently, in Figure 5. 

[0031] As shown in Figure 4 and Figure 5, the LD module 70 is equipped, 
inside the case main body 80, with the LD element 85, which generates excited 
light Lr, the collimate lens 84, which condenses the excited light that is generated 
from the LD element 85, the LD cooling stand 86, which affixes the LD element 
85, transmits the heat that the LD element 85 generates and cools it by coming 
into contact with the heat absorbing surface 88a of the Peltier element 88 to be 
described subsequently, the temperature detection element 87, which detects the 
temperature of the cooling stand 86, the heat radiating fixing stand 91, which has 
a installed in contact with the heat radiating surface 88b of the Peltier element 88 
to be discussed subsequently, transmits the heat of the heat radiating surface 
88b, radiates heat by means of the radiator 93 to be discussed subsequently, the 
radiator fixing piece 92 (Delrin (POM), a material such as ebonite), which has a 
comparatively low thermal conductivity), which affixes the radiator fixing stand 91 
and the LD cooling stand 86, with the Peltier element 88 held between them and 
the O-ring 90 that is attached to the radiator fixing stand so that the heat of the 



radiator fixing stand 91 is not transmitted to the case main body 80. It is also 
equipped with the radiator 93, which is installed in contact with the radiator fixing 
stand 91 and which radiates heat to the outside, the LD module fixing foot 94, 
which affixes the LD module to the main body 50, the FC connector 81, which 
optically connects the LD module 70 and the optical fiber 24, the static electricity 
protection circuit base plate 89, which has the connector 95 that electrically 
connects the static electricity protection circuit 96 for protecting the LD element 
85 from static electricity, the temperature detection element 87 inside the LD 
module 70 and the Peltier element 88 to the LD power source unit 10 and the 
cover 82, which isolates the interior of the LD module 70 from the outside 
atmosphere through the agency of the O-ring 83. 

[0032] The Peltier element 88 is an element for cooling the LD element 
and silicone grease (a substance that contains aluminum and that is of high 
thermal conductivity) is applied to its surface. 

[0033] Further, nitrogen gas is sealed into the interior of the LD module 70 
so that condensation does occur on the LD cooling stand. Consequently, the co- 
ring 90 is installed for the purpose of preventing leakage of this nitrogen gas, for 
which reason grease is applied to its surface. 

[0034] The temperature detection element 87 is embedded in the cooling 
stand 86. It detects the temperature of the LD element 85 and the temperature 
that is detected is used in the temperature control circuits 12, 14 and 16 of the 
LD power source unit 1 0. 



[0035] Figure 6 shows the details of the static electricity protection circuit 
base plate 89. The electrical signal lines and power source lines of the LD 
module 70 are all relayed through the static electricity protection circuit base 
plate 89 and are connected to the LD power source unit 10. The electrical signal 
lines and power source lines of the LD module 70 can be installed and detached 
as a block by means of the connector 95. The static electricity protection circuit 
96 is installed on the static circuit electricity base plate 89. The static electricity 
protection circuit 96 protects the LD element 85 from spike currents due to static 
electricity by means of the inductor 96a and the capacitor 96b. Further, the diode 
96c is for protection of the LD element 85 against reverse voltage and is added 
as required. The LD element 85 is constructed of the laser diode 85a and the 
photodiode 85b. The photodiode 85b is installed for the purpose of controlling 

changes in the output of the laser diode 85a due to temperature changes. 

[0036] The LD modules 70, which are constructed as described above, 

can be installed and detached independently from the main body 50 through the 

agencies of the FC connector 81 and the connector 95. 

[0037] Further, the fluorescence image pickup unit 300 is equipped with a 

high-sensitivity pickup element for fluorescent images (not shown in the figure) to 

which the image fiber 103 is connected and that picks up autofluorescent images 

or reflected images that have been propagated by the image fiber 103. 

[0038] The monitor unit 700 is equipped with the monitor 701 for ordinary 

images that displays the video signals that have been output form the display 
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signal processing unit 600 as visible images and the monitor 702 for synthetic 
images. 

[0039] Next, we shall describe the action of the fluorescent endoscopic 
device based on the embodiment constituted as described above. First, we shall 
the action in the case in which synthetic images are displayed using 
autofluorescence images and reflected images. During autofluorescence image 
pickup, the LD power source unit 10 is driven on the basis of signals from the 
control computer 200 and excited light Lr of a wavelength of 410 nm is emitted 
from each LD moldule 70 of the excited-light source unit 20. The excited light Lr 
that has been guided by the optical fiber 24 is introduced into the first condensing 
lens 25. The excited light Lr that has been condensed by the first condensing 
lens is reflected in the perpendicular direction by the dichroic mirror 26 and is 
condensed by the second condensing lens and is then introduced into the 
excited-light light guide 101a. The excited light Lr that has been guided by the 
excited-light light guide 101a is guided to the tip of the endoscope insertion part 
100 and is irradiated from the illumination lens 104 to the body tissue 5. 

[0040] The autofluorescenf image from the body tissue 5 that is produced 
by irradiation of the excited light Lr is condensed by the condensing lens 106 and 
is introduced into the tip of the image fiber 103. It passes through the image fiber 
103 and is input into the fluorescent image pickup unit 300. It is then picked up 
as an autofluorescence image by the high-sensitivity pickup element 306 for 
fluorescent images and is output as two-dimensional image data by the image 
operations unit 400. 



[0041] During pickup of reflected images, the power source unit 40 for the 
reference light source is driven on the basis of the signals from the computer 200 
for control use and the reference light Ls is emitted from the reference-light 
source unit 30. The reference light Ls is condensed by the reference-light 
condensing lens 27 inside the reference-light source unit 20. The reference light 
Ls that has been condensed by the reference-light condensing film 27 passes 
through the dichroic mirror 26, after which it is condensed by the second 
condensing lens 28 and enters the excited-light light guide 101a. The reference 
light Ls, which has entered the excited-light light guide 101a is guided to the tip of 
endoscope insertion part 100, after which it is irradiated from the illumination lens 
104 to the body tissue 5. 

[0042] The reflected image from the body tissue 5 that is produced by the 
reference light Ls that has been irradiated is condensed by the condensing lens 
106, enters the image fiber 103, passes through the image fiber 103 and is input 
into the fluorescent image pickup unit 300. It is then picked up by the high- 
sensitivity pickup element 306 for fluorescent images and is output to the image 
operations unit 400 as two-dimensional image data. 

[0043] The autofluorescence image that has been output from the 
fluorescent image pickup unit 300 is assigned colors for operational values on 
the basis of various image values of the autofluorescence image by the image 
operations unit 400 and color image signals are produced. In addition, the 
reflected images that have been output from the fluorescent image pickup unit 
300 are assigned illuminance for each image by the image operations unit 400 
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and illuminance image signals are produced. The color image signals and the 
illuminance image signals are synthesized in the image operations unit 400 and 
are output to the display-signal processing unit 600 as synthesized image 
signals. The synthesized image signals are converted to video signals by the 
display-signal processing unit 600, after which they are input to the monitor unit 
700 and are displayed on the synthesized image monitor 702. 

[0044] Next, we shall describe the action during ordinary image display. 
During ordinary image display, the power source 1 1 1 for white light is driven on 
the basis of the signals from the control computer 200 and white light Lw is 
emitted from the white light source 112. The white light Lw enters the white-light 
light guide 101b and is guided to the tip of the endoscope insertion part 100, after 
which it is irradiated from the illumination lens 1 04 to the body tissue 5. The 
reflected light of the white light Lw is condensed by the objective lens 105 and is 
reflected by the reflecting prism 108 and an image is formed in the image pickup 
element 107 for ordinary images. The image signals from the image pickup 
element 107 for ordinary images are input into the ordinary image-signal 
processing' unit 500 and are digitized. These ordinary image signals are then 
output to the display-signal processing unit 600 and are converted to video 
signals, after which they are output to and displayed on the ordinary image 
monitor 701 . The aforementioned series of operations, which occur during 
synthesized image display and during ordinary image display, are controlled by 
the control computer 200. 



[0045] Here, we shall describe the action of the temperature control of the 
LD element 85 in the LD module 70 that is used during the aforementioned 
autofluorescent image pickup. The heat that has been generated by the LD 
element 85 is transmitted through the cooling stand 86 and is detected by the 
temperature detection element 87. The temperature that is detected by the 
temperature detection element 87 passes through the electrical signal line and 
the connector 95 that are installed in the static electricity protection circuit base 
plate 89 and is reported to the temperature control circuits 12, 14 and 16 that are 
installed in the power source unit 10. The temperature control circuits 12, 14 and 
16 output temperature control signals when a specified temperature has been 
exceeded. These temperature control signals pass through the electrical signal 
line and the connector 95 that are installed in the static electricity protection 
circuit base plate 89 and are output to the Peltier element 88 inside the LD 
module 70. The Peltier element 88 is driven in response to the temperature 
control signals from the temperature control circuits 12, 14 and 16 and absorbs 
the heat that is transmitted by the cooling stand from the heat-absorbing surface 
88a and cooling is effected. The Peltier element 88 discharges the heat from the 
heat-absorbing surface 88a, this heat is transmitted through the radiator fixing 
stand 91 and the heat is discharged from the radiator 93 to the exterior of the LD 
module 70. 

[0046] Further, in the embodiment described above, it is desirable to 
select an excited light source having a center wavelength on the order of from 
400 nm to 420 nm. 



[0047] Further, in the embodiment described above, the ordinary images 
and the synthesized images are displayed on two monitors. However, ordinary 
images and synthesized images may be switched over and displayed by one 
monitor. 

[0048] By means of the fluorescent endoscopic device of this invention, 
the excited-light source unit 20 is equipped with several LD elements 85, for 
which reason sufficient excited light intensity can be obtained to accurately 
differentiate the state of body tissues. 

[0049] Further, because each LD module 70 of the excited-light source 
unit 20 is equipped with a static electricity protection circuit 96 that protects the 
LD elements 85 from static electricity, breakdown of the LD elements 85 by static 
electricity can be prevented and reliability can be improved. 

[0050] Further, a Peltier element 88 for the purpose of cooling the LD 
elements 85 is installed in each LD module 70 of the excited-light source unit 20 
so that the temperature can be controlled by the temperature control circuits 12, 
14 and 16 of the LD power source unit 10. As a result, damage of the LD 
element 85 by heat can be prevented and its service life can be prolonged. 

[0051] Further, because the LD element 85, the static electricity protection 
circuit 96 and the Peltier elements constitute one LD module 70, several LD 
modules 70 are provided and the LD modules can be installed and removed 
independently, replacement operations of LD elements can be performed for 
each module unit. Therefore, operations are facilitated and ease of maintenance 
can be improved. 



[Brief Explanation of the Figures] 

[Figure 1] This is a schematic diagram of one embodiment of the 
fluorescent endoscopic device of this invention. 

[Figure 2] This is a block structural diagram of the LD power source unit 
and the excited-light source unit in the embodiment shown in Figure 1. 

[Figure 3] This is a schematic diagram of the excited-light source unit in 
the embodiment shown in Figure 2. 

[Figure 4] This is a detailed diagram of the LD module in the embodiment 
shown in Figure 3. 

[Figure 5] This is a cross-sectional view of the embodiment shown in 
Figure 4. 

[Figure 6] This is a detailed diagram of the static electricity protection 
circuit base plate of the LD module shown in Figure 4. 

[Figure 7] This is a graph that shows the intensity distributions of the 
fluorescence spectra of normal tissue and lesioned or diseased tissue. 

[Explanation of Symbols] 

1 image-signal processing part 

5 body tissue 

10 LD power source unit 

20 excited-light source unit 

30 reference-light source unit 

40 power source unit for reference light 



50 main body 

60 fan 

70 LD module 

80 case body 

81 FC connector 

82 cover 
83, 90 O-rings 

84 collimate lens 

85 LD element 
85a laser diode 
85b photodiode 

86 cooling stand 

87 temperature detection element 

88 Peltier element 

88a heat-absorbing surface 

88b heat-radiating surface 

89 static electricity protection circuit base plate 

91 radiator fixing stand 

92 radiator fixing screw 

93 radiator 

94 LD module fixing foot 

95 connector 

96 static electricity protection circuit 



96a inductor 

96b capacitor 

96c diode 

100 endoscope insertion part 

101 light guide 

101a exciting-light light guide 

1 01 b white-light light guide 

102 CCD cable 

103 image fiber 

104 illumination lens 

105 objective lens 

106 condensing lens 

1 07 pickup element for ordinary images 

108 reflecting prism 

110 illumination unit 

1 1 1 power source for white light source 

1 1 2 white light source 
200 control computer 

300 fluorescence image pickup unit 

400 image operations unit 

500 ordinary image-signal processing unit 

600 display-signal processing unit 

700 monitor unit 



701 
702 



monitor for ordinary images 
monitor of synthesized images 




Figure 2' 

30 - reference light source 
100 - endoscope insertion part 




Figure 3 

10 - LD power source unit 
30 - reference light source 
1 0 - LD power source unit 
[at bottom]: endoscope insertion part 




Figure 4 
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Figure 6 

10 - LD power source unit 
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Figure 7 

[y-axis]: Relative intensity 
[x^axisj: Wavelength (nm) 
[in graph] 

[upper legend]: normal tissue; [lower legend]: lesioned or diseased tissue 



